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Abstract
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Body image dist urbance has been highl ight ed as a common charact erist ic wit hin t he development  and maint enance of  cl inical
eat ing disorders (EDs),  represent ed by al t erat ions in an individual ’ s bodi ly experience.  However,  whi lst  t he percept ual  st abi l i t y of
t he sense of  body ownership has been invest igat ed in ED pat ient s,  t he st abi l i t y of  t he sense of  body agency in t hose wit h ED is yet
t o be examined.  Therefore,  body ownership and body agency were invest igat ed using t he moving rubber hand i l lusion,  alongside
measures of  expl ici t  and impl ici t  body sat isfact ion.  Furt hermore,  wit h evidence demonst rat ing a direct  l ink bet ween percept ual
and cognit ive-af fect ive component s of  body image in t he healt hy populat ion,  t he relat ionship bet ween measures of  body percept ion
and body sat isfact ion was invest igat ed.  Result s showed t hat  bot h ED and healt hy individuals displayed a similar subj ect ive
experience of  i l lusory ownership and agency t owards t he fake hand,  fol lowing volunt ary movement .  However,  whi lst  bot h groups
ini t ial ly overest imat ed t heir own hand widt h prior t o t he i l lusion,  t he ED group displayed a signif icant  reduct ion in hands size
est imat ion fol lowing t he i l lusion,  which was not  mat ched t o t he same degree in healt hy individuals.  In addit ion,  ED individuals
displayed a signif icant ly lower body sat isfact ion compared wit h healt hy females,  on both an expl icit  and implicit  level.  Such implicit
out comes were shown t o be driven specif ical ly by a weaker associat ion bet ween t he sel f  and at t ract iveness.  Final ly,  a signif icant
relat ionship was observed bet ween specif ic percept ual  measures and impl ici t  body sat isfact ion,  which highl ight s t he import ant  l ink
between perceptual and cognit ive-af fect ive components of  one’ s body image.  Together,  such f indings provide a useful foundat ion for
furt her research t o st udy t he condit ions in which t hese t wo component s relat e wit h regard t o body image and i t s dist urbance,
part icularly in relat ion t o t he prognosis and t reat ment  of  EDs.
  
 
Contribut ion to the field
Body image dist urbance is a common sympt om amongst  eat ing disorders and is t hus a key t arget  for t herapy.  Many current
t reat ment s focus on cognit ive component s of  body image dist urbance;  however,  recent  research suggest s t hat  body dissat isfact ion
may be inf luenced by an inaccurat e percept ual experience of  t he body,  which is not  addressed in most  t reat ment s.  Indeed,
research using mult isensory i l lusion met hods in healt hy individuals has shown how changes t o t he percept ion of  one’ s body can
inf luence t he emot ions relat ed t o t he body.  Therefore,  t he present  experiment  invest igat ed t he relat ionship bet ween body
percept ion and body sat isfact ion wit hin eat ing disorder pat ient s,  compared wit h heal t hy cont rols.  Part icipant s were t est ed on t he
st abil i t y of  body percept ion using an experiment al percept ual i l lusion,  named t he Moving Rubber Hand Il lusion.  Percept ual
est imat ions of  one’ s own body size were invest igat ed using hand widt h est imat ions,  complet ed before and af t er t he i l lusion.  Links
bet ween i l lusion suscept ibi l i t y and body sat isfact ion levels were explored using expl ici t  and impl ici t  measures.  Such work aims t o
increase our underst anding of  t he l inks bet ween percept ion of  t he body and it s inf luence on emot ional experience,  which may help
ident i f y a key r isk of  relapse wi t hin eat ing disorders.
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Abstract 25 
 26 
Body image disturbance has been highlighted as a common characteristic within the 27 
development and maintenance of clinical eating disorders (EDs), represented by alterations in an 28 
individual’s bodily experience. However, whilst the perceptual stability of the sense of body ownership 29 
has been investigated in ED patients, the stability of the sense of body agency in those with ED is yet 30 
to be examined. Therefore, body ownership and body agency were investigated using the moving rubber 31 
hand illusion, alongside measures of explicit and implicit body satisfaction. Furthermore, with evidence 32 
demonstrating a direct link between perceptual and cognitive-affective components of body image in 33 
the healthy population, the relationship between measures of body perception and body satisfaction was 34 
investigated. Results showed that both ED and healthy individuals displayed a similar subjective 35 
experience of illusory ownership and agency towards the fake hand, following voluntary movement. 36 
However, whilst both groups initially overestimated their own hand width prior to the illusion, the ED 37 
group displayed a significant reduction in hands size estimation following the illusion, which was not 38 
matched to the same degree in healthy individuals. In addition, ED individuals displayed a significantly 39 
lower body satisfaction compared with healthy females, on both an explicit and implicit level. Such 40 
implicit outcomes were shown to be driven specifically by a weaker association between the self and 41 
attractiveness. Finally, a significant relationship was observed between specific perceptual measures 42 
and implicit body satisfaction, which highlights the important link between perceptual and cognitive-43 
affective components of one’s body image. Together, such findings provide a useful foundation for 44 
further research to study the conditions in which these two components relate with regard to body image 45 
and its disturbance, particularly in relation to the prognosis and treatment of EDs. 46 
  47 
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1. Introduction 48 
!49 
A common hallmark in the development and maintenance of clinical eating disorders (EDs) is a 50 
disturbance in body image (Stice, 2002), which refers to distortions or alterations in the way in which 51 
an individual experiences their body shape or weight (American Psychiatric Association, 2013). Body 52 
image disturbance is argued to be a multidimensional construct, which is commonly divided into two 53 
key components (Cash & Deagle, 1997). The perceptual component denotes issues in estimating one’s 54 
own body size and dimensions, with evidence that, at a group level, ED individuals typically 55 
overestimate the size of their own body significantly more than healthy individuals (Gardner & Brown, 56 
2014; Øverås, Kapstad, Brunborg, Landrø, & Lask, 2014). Additionally, the cognitive-affective 57 
component is associated with negative attitudes and emotions towards one’s own body, commonly 58 
displayed by extreme feelings of body dissatisfaction amongst patients (Cash & Deagle, 1997; Mai et 59 
al., 2015). Indeed, research has suggested that ED individuals lack a self-serving body image bias that 60 
is typically observed in the healthy population, which reflects a highly biased positive perception to 61 
one’s own attractiveness relative to the perception from others (Jansen, Smeets, Martijn, & Nederkoorn, 62 
2006). Importantly, such a self-serving bias in healthy individuals acts as a protective factor against 63 
poor mental health (Martijn, Alleva, & Jansen, 2015), therefore the lack of such a bias is likely to have 64 
a negative effect towards one’s body satisfaction amongst EDs. 65 
 66 
Historically, research has predominantly focused on the cognitive-affective component of body 67 
image disturbances within EDs (Cash & Deagle, 1997; Urgesi, 2015), with treatment programmes 68 
commonly targeting dysfunctional cognitions and emotions relating to the body (Martijn et al, 2015; 69 
Alleva et al, 2015; Murphy et al, 2010). However, more recent research suggests that such distorted 70 
cognitions may be influenced by an inaccurate perceptual experience of the body (Guardia et al., 2010; 71 
Keizer et al., 2014), which remains comparably less understood amongst EDs (Boehm et al., 2016). 72 
Indeed, evidence has shown that clinical outcomes are poorer amongst those who report greater 73 
misperception of their body (Boehm et al., 2016; Keel, Dorer, Franko, Jackson, & Herzog, 2005; Roy 74 
& Meilleur, 2010). Moreover, the perceptual component of body image disturbances in EDs has 75 
 4 
primarily been investigated using visual size estimation tasks (Cash & Deagle, 1997; Gardner & Brown, 76 
2014; Urgesi et al., 2012). However, recent neuroscientific research has revealed higher-order 77 
perceptual disturbances amongst EDs within multiple sensory domains, including tactile perception 78 
(Keizer et al., 2011; Keizer, Smeets, Dijkerman, van Elburg, & Postma, 2012), proprioception (Guardia, 79 
Carey, Cottencin, Thomas, & Luyat, 2013; Guardia, Cottencin, Thomas, Dodin, & Luyat, 2012), 80 
interoception (Badoud & Tsakiris, 2017; Pollatos et al., 2008), and the integration of multiple sensory 81 
signals (Eshkevari, Rieger, Longo, Haggard, & Treasure, 2012; Keizer et al., 2014). Therefore, it is 82 
important that research investigates how ED individuals process multisensory body information, and 83 
the role this might play within the perceptual component of body image disturbances.  84 
 85 
Disturbances in the integration of sensory information have been observed amongst ED patients 86 
using multisensory body illusions (Eshkevari et al., 2012). The most studied of these paradigms is the 87 
Rubber Hand Illusion (RHI), in which individuals typically experience ownership over a fake rubber 88 
hand when it is stroked synchronously with their own hand, which is hidden out of view (Botvinick & 89 
Cohen, 1998). Crucially, ED patients have been shown to display a greater sense of ownership towards 90 
the fake hand compared with healthy controls during the RHI, following both synchronous (illusion) 91 
and asynchronous (control) conditions, with susceptibility to the illusion positively associated with ED 92 
psychopathology (Eshkevari et al., 2012). Such findings suggest that ED individuals display a greater 93 
reliance towards visual body information, which dominates proprioceptive sensory input during body 94 
ownership. More recent work has provided corroborative evidence, with induction to the RHI also 95 
shown to improve initial overestimation of hand size amongst patients (Keizer et al., 2014), which 96 
highlights that such malleability observed in patients’ body representation can be developed to a more 97 
accurate estimation of one’s own body size (Keizer et al., 2014; Keizer, van Elburg, Helms, & 98 
Dijkerman, 2016). Taken together, the above evidence underlines the importance of researching 99 
perceptual disturbances of body image in EDs from a multisensory perspective (Eshkevari, Rieger, 100 
Longo, Haggard, & Treasure, 2014), with improvements in the perceptual accuracy of one’s own body 101 
dimensions likely to act as a protective factor against relapse if coping strategies designed to address 102 
cognitive-affective components of body image were to break down (Bardone-Cone et al., 2010).  103 
In revi
 5 
 104 
A component which is intimately linked with body ownership in contributing towards one’s 105 
coherent body representation is the sense of agency, which refers to the experience of authorship over 106 
an active, volitional bodily movement (Haggard, 2017; Synofzik, Vosgerau, & Newen, 2008; Tsakiris, 107 
Schütz-Bosbach, & Gallagher, 2007). Such a sense of control over one’s motor actions is essential in 108 
contributing towards one’s bodily experience and interaction with the external environment (Haggard, 109 
2017). Indeed, disturbances in the sense of agency have been implicated as an important feature within 110 
numerous psychiatric disorders (Gentsch, Schutz-Bosbach, Endrass, & Kathmann, 2012; Voss, 111 
Chambon, Wenke, Kühn, & Haggard, 2017). Importantly, whilst research has shown that ED patients 112 
display alterations in the execution of body-scaled action with regard to unconscious sensorimotor 113 
aspects of body representation (Guardia, Metral, et al., 2013; Keizer et al., 2013; Metral et al., 2014), 114 
the conscious sense of agency has not been directly investigated within EDs, particularly how 115 
alterations in this component may play a role within body image disturbances. An existing experimental 116 
paradigm that measures the sense of body ownership and agency is the Moving Rubber Hand Illusion 117 
(mRHI; Kalckert & Ehrsson, 2012; 2014), which extends upon the RHI by introducing active, volitional 118 
movement to a fake model hand. In a similar manner to the classic RHI, synchronous movements 119 
typically elicit a strong sense of ownership towards the fake hand, but also a sense of agency – i.e. 120 
feeling of controlling the movement of the fake hand. Such feelings of agency are absent when 121 
voluntary movements are asynchronous with the movements of the fake hand. Therefore, the mRHI 122 
provides the opportunity to experimentally investigate the sense of body ownership and body agency, 123 
and their relationship in contributing towards a coherent body representation. 124 
 125 
With regard to the cognitive-affective component of body image disturbance, the most commonly 126 
used assessments of ED pathology in research and treatment include self-reports (e.g. clinical 127 
interviews, standardized questionnaires) which target explicit cognitions and behaviours (Exterkate, 128 
Vriesendorp, & de Jong, 2009). However, research has shown that such explicit measures alone may 129 
not accurately reflect an individual’s attitudes or behaviours towards certain concepts (Ahern, Bennett, 130 
& Hetherington, 2008; Stice, Fisher, & Lowe, 2004), particularly amongst ED patients who can display 131 
In revi
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denial towards the severity of their disorder (Vitousek, Daly, & Heiser, 1991). Therefore, it is clinically 132 
useful to supplement explicit body-related measures with implicit measures that are free from response 133 
bias (Vartanian, Polivy, & Herman, 2004). Implicit cognitive mechanisms are argued play a key role in 134 
the pathology of EDs (Aspen, Darcy, & Lock, 2013; Robinson, Safer, Austin, & Etkin, 2015), and could 135 
provide an insight into an ED individual’s disordered cognitions and behaviours which cannot be 136 
obtained from self-reports (Vartanian et al., 2004). A commonly used measure to assess implicit 137 
attitudes is the Implicit Association Test (IAT; Greenwald, McGhee, & Schwartz, 1998), which is a 138 
computer-based reaction time task designed to measure the strength of automatic association between 139 
certain concepts (see Methods section for further details). Conceptually, it is argued that individuals 140 
typically pair target words more quickly with the category that is consistent with their own beliefs or 141 
cognitions (Greenwald et al., 1998). Therefore, the IAT provides the opportunity to tap into an 142 
individual’s implicit cognitions towards certain concepts, including the self. 143 
 144 
Whilst many studies have used the IAT to measure implicit social attitudes (Richetin, Perugini, 145 
Prestwich, & O’Gorman, 2007), studies have also measured implicit attitudes and cognitions towards 146 
the self (Greenwald & Farnham, 2000; Lane, Banaji, Nosek, & Greenwald, 2007; O’Brien, Hunter, 147 
Halberstadt, & Anderson, 2007; Richetin, Xaiz, Maravita, & Perugini, 2012). Previous research has 148 
established a relationship between implicit body satisfaction with ED symptoms in healthy individuals 149 
(Ahern et al., 2008; Gumble & Carels, 2012; Preston & Ehrsson, 2018). Moreover, previous studies 150 
have examined implicit attitudes towards body size (Cserjési et al., 2010; Parling, Cernvall, Stewart, 151 
Barnes-Holmes, & Ghaderi, 2012; Smith, Joiner, & Dodd, 2014) and food (Spring & Bulik, 2014). 152 
However, to the authors’ knowledge, the present study is the first to investigate implicit body 153 
satisfaction using the IAT in an ED sample. Investigating implicit cognitions towards body satisfaction 154 
amongst ED individuals is important in understanding the multifaceted constructs which underlie body 155 
image disturbances (Urgesi, 2015), particularly how explicit and implicit cognitions relate to each other, 156 
which may have important implications for long term recovery and relapse. 157 
 158 
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Taken together, the present study examines both perceptual and cognitive-affective components of 159 
body image in EDs, extending each with agency and implicit measures respectively. Firstly, given the 160 
intrinsic link between body ownership and agency towards a coherent body representation, it is 161 
hypothesised that the predicted instability in the sense of body ownership would also feed into 162 
instability towards the sense of body agency in ED individuals. Moreover, the effect of the illusion was 163 
investigated towards perceptual estimations of hand size. In line with previous research (Keizer et al., 164 
2014), it is predicted that ED individuals will show initial overestimation of their own hand size but 165 
increase accuracy following the illusion, with healthy controls expected to display a stable estimation 166 
throughout. Secondly, it is predicted that lower explicit body satisfaction which is expected to be 167 
displayed in ED individuals would also extend to lower body satisfaction on an implicit level, compared 168 
with healthy females. Thirdly, whilst it has been previously argued that perceptual and cognitive-169 
affective alterations contribute independently towards body image disturbances (Cash & Deagle, 1997), 170 
increasing research has highlighted a direct link between the body perception and the emotional body 171 
experience within healthy and clinical samples (Hagman et al., 2015; Preston & Ehrsson, 2014, 2016, 172 
2018). Therefore, the possible links between body perception and body satisfaction were investigated, 173 
in relation to the influence this may have in ED psychopathology. It is predicted that individuals with 174 
greater instability on perceptual multisensory illusion measures would display reduced scores on body 175 
satisfaction measures. 176 
  177 
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2. Methods 178 
2.1 Participants  179 
The present study received ethical approval from the NHS Health Research Authority (North East 180 
- York Research Ethics Committee; Project ID: 199702), The Retreat Mental Health Care Centre, York 181 
(Research Governance Committee), Beat Eating Disorders Charity Research Ethics Committee, and the 182 
University of York Departmental Ethics Committee. The study was conducted in accordance with the 183 
Declaration of Helsinki, with all participants providing informed consent to take part.  184 
 185 
Twenty-eight female participants with an ED diagnosis participated in the present study (Mean age 186 
= 26.11, SD ± 11.69). The ED group consisted of 19 individuals with a diagnosis of anorexia nervosa 187 
(AN), 2 with a diagnosis of bulimia nervosa (BN), 2 with a diagnosis of binge eating disorder (BED), 188 
and 5 with Other Specified Feeding or Eating Disorder (OSFED). Of the above sample, 5 participants 189 
were recruited as inpatients via The Retreat, York (Tuke Centre and Naomi Unit), and 23 were recruited 190 
as outpatients via the Beat website, which is the UK’s leading charity supporting those suffering with 191 
eating disorders. Specifically, the study was advertised via the Beat research page and promoted via the 192 
charity’s email distribution list. Inclusion criteria for the ED group was a clinical diagnosis of an ED, 193 
with no restrictions on previous ED diagnosis. Participants recruited via The Retreat had a clinical 194 
diagnosis confirmed by the patients’ psychiatrist, with participants recruited via Beat providing a self-195 
reported ED diagnosis, with subsequent assessment from all participants using Eating Disorder 196 
Examination Questionnaire (EDE-Q). Such recruitment of clinical individuals via self-reported 197 
diagnosis has been used in previous research (Groves, Kennett, & Gillmeister, 2017). Thirty-one female 198 
healthy controls (HC) (Mean age = 19.10, SD ± 1.27) were recruited via the University of York, who 199 
participated in the present study in return for course credit. Inclusion criteria for the HC group were no 200 
current or previous neurological/psychological disorders (self-report). In addition, HCs were explicitly 201 
screened for the presence of an ED using an established clinical cut-off of a global EDE-Q score greater 202 
than 2.8 (Mond et al., 2008). All participants were required to be over the age of 18, with no physical 203 
condition on their arm or hand which would prevent them from performing the experiment (e.g. severe 204 
eczema, scarring, psoriasis). Two ED participants (1 x AN diagnosis; 1 x BN diagnosis) whose age was 205 
In revi
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≥ 2 SD above the group mean (64 years and 60 years) were excluded from data analysis. Seven HC 206 
participants were excluded from data analysis; one self-reported a current psychological disorder and 207 
six had a global EDE-Q score above the 2.8 global clinical cut-off. Therefore, the final sample size for 208 
analysis was 26 ED participants and 24 HC participants. Participant demographic information for both 209 
groups following exclusion can be seen in Table 1. 210 
 211 
[INSERT TABLE 1] 212 
 213 
2.2 Materials 214 
Experimental materials involved a wooden platform (35cm x 30cm x 13cm; see Figure 1) 215 
positioned on a table, on top of which was resting a life-sized wooden artist’s right hand (measuring 216 
30cm from base of the wrist to tip of the middle finger), wearing a latex glove with the palm faced 217 
down. Participants were seated at the table and asked to wear an identical latex glove on their right 218 
hand, which they then placed underneath the wooden platform, directly below the model hand (see 219 
Figure 1). The participant’s left hand was in a resting position and kept still by their side. Participants 220 
wore a black cape around their neck, which occluded their right forearm and the open wrist of the fake 221 
hand on the wooden platform, to appear in an anatomically congruent position to the fake hand. A 222 
plastic finger cap was then placed on the tip of participant's right index finger which was mechanically 223 
connected to a matching finger cap on the fake hand by a thin wooden dowel passing through a small 224 
hole in the wooden platform, which was attached/detached for the respective experimental condition 225 
(see Procedure section). Experimental trials and responses for both the Moving Rubber Hand Illusion 226 
and Implicit Association Test were made using PsychoPy 2 (Peirce, 2007) on an Apple iMac computer 227 
(1.6GHz dual-core Intel Core i5 processor). 228 
 229 
[INSERT FIGURE 1] 230 
Figure 1.  Experimental Set-up. a) Participants sat opposite the experimenter, and placed their right hand 231 
under the platform, directly below the fake hand which was viewed on top, with a black cape covering their 232 
right arm. For each measure within the illusion, participants completed synchronous (b) conditions in which 233 
In r vi
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the connection between the two hands was attached, and asynchronous (c) conditions in which the 234 
connection was detached, and the experimenter moved the fake hand independently from participant’s own 235 
hand. d) Proprioceptive drift measure, in which participants closed their eyes and indicated the felt location 236 
of their right index finger, using a coloured marker pen on the grid paper attached to the side of the set-up. 237 
 238 
2.3 Measures 239 
2.3.1 Moving Rubber Hand Illusion 240 
2.3.1.1 Questionnaire  241 
Following experimental trials, the subjective experience of the illusion was recorded using a 242 
12-statement illusion questionnaire (see Table 2), adapted from previous studies (Kalckert & Ehrsson, 243 
2012). This questionnaire was composed of two subcomponents, addressing the feeling of ownership 244 
towards the fake hand (3 items), and feeling of agency over the movements of the fake hand (3 items). 245 
A further six control statements (3 ownership control, 3 agency control) served to control for participant 246 
compliance and suggestibility. Participants were asked to rate the extent to which they agreed with each 247 
statement on a seven-point Likert scale (-3 strongly disagree to +3 strongly agree) specifically based on 248 
the previous trial. All statements were presented in a randomised order. 249 
 250 
[INSERT TABLE 2] 251 
!252 
2.3.1.2 Proprioceptive Drift  253 
With eyes closed, participants estimated the perceived height of their unseen, right index finger 254 
using an A4 sheet of (millimetre grid) graph paper attached to the side of the experimental set-up (see 255 
Figure 1d). Participants were required to make one swift, but accurate pointing movement towards the 256 
graph paper using a coloured marker pen held in their left hand. Each pointing movement was 257 
completed three times, with the starting point randomised between participants’ nose, shoulder, or hip, 258 
to account for learned motor movement. An average pointing estimation was calculated across the three 259 
responses, with pointing movements measured both pre- and post-experimental trial. 260 
 261 
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2.3.1.3 Hand Size Estimation 262 
Participants were asked to estimate the width of their own hand (at the widest point) prior to 263 
the illusion (baseline estimation) and post-experimental trial (Keizer et al., 2014). Both the fake hand 264 
and the participants’ own hand was hidden from view using an occluding box during all hand size 265 
estimations. For each estimation, the experimenter moved two pointers of a calliper alongside the back 266 
of the set-up, occluding their own hands to prevent any further visual cues. Estimations were made with 267 
the two pointers of the calliper, once moving towards each other (inwards), and once with pointers 268 
moving away from each other (outwards). Participants made their judgements by verbally indicating 269 
the point at which their hand would fit precisely between the two pointers. The order of calliper 270 
movement (inwards/outwards) was counterbalanced across all participants. A baseline estimation was 271 
first made before the illusion, with subsequent post-experimental estimations made following each trial. 272 
Changes in hand size estimation were calculated by subtracting the average width of post-trial 273 
estimations from the baseline estimation. Participants’ actual hand size was measured at the end of the 274 
experiment.  275 
 276 
2.3.2 Body Satisfaction  277 
2.3.2.1 Explicit Body Satisfaction 278 
A continuous Visual Analogue Scale (VAS), ranging from 0 to 100 was used to assess 279 
participant’s explicit, state body satisfaction. Participants were asked “Right now, how satisfied do you 280 
feel with your body?” with the scale anchored by “Extremely Dissatisfied” (0) and “Extremely Satisfied” 281 
(100) (Durkin & Paxton, 2002; Preston & Ehrsson, 2016). VAS items have been shown to have good 282 
convergent validity with other measures of body satisfaction (Cahill & Mussap, 2007). 283 
 284 
2.3.2.2 Implicit Body Satisfaction 285 
Implicit body satisfaction was measured using the Implicit Association Test (IAT; Greenwald 286 
et al., 1998), in which participants were instructed to categorise target words appearing in the centre of 287 
the screen into one of four categories, using only two response options (left/right) (see Figure 2). Within 288 
the body satisfaction IAT (adapted from Gumble & Carels, 2012; Preston & Ehrsson, 2018), target 289 
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categories were Self and Other, and attribute categories were Attractive and Unattractive, with pairings 290 
from each category appearing in the top left/right corner of the screen. Target words were chosen based 291 
on pilot data from an independent sample, to ensure that words were appropriate and culturally relevant 292 
for the present study. Target words and their respective categories can be seen in Table 3. 293 
 294 
[INSERT TABLE 3] 295 
 296 
In the compatible condition, Self and Attractive categories (plus Other and Unattractive) were 297 
paired on the same side of the screen. In the incompatible condition, the configuration of the categories 298 
was switched, in which Self and Unattractive categories (plus Other and Attractive) are paired on the 299 
same side of the screen (see Figure 2a and 2b). The strength of the participants’ implicit cognitions is 300 
measured by the difference in the mean reaction times between compatible and incompatible conditions. 301 
Faster reaction times indicate that the categorisation of words was more congruent with the individual’s 302 
implicit cognitions towards those concepts. Thus, higher body satisfaction equates to stronger 303 
associations (i.e. faster reaction times) between compatible condition pairings, compared with 304 
incompatible condition parings.  305 
 306 
[INSERT FIGURE 2] 307 
Figure 2.  Screenshot depicting example trials within Implicit Association Test. a) Example compatible 308 
condition, in which Self and Attractive categories (plus Other and Unattractive) are paired on the same side 309 
of the screen. b) Example incompatible condition in which Self and Unattractive categories (plus Other and 310 
Attractive) are paired on the same side of the screen. Target words appeared in the centre of the screen, with 311 
participants responding by categorizing the target words into the left or right of the screen. 312 
 313 
2.3.3 Eating Disorder Examination Questionnaire (EDE-Q) 314 
The EDE-Q is a 28-item questionnaire used as a self-report measure of ED psychopathology 315 
(Fairburn & Beglin, 1994) amongst clinical and non-clinical populations. The questionnaire assesses 316 
disordered eating behaviours within the past 28 days, in which there are four subscales: Restraint, 317 
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Eating Concern, Weight Concern and Shape Concern. A global score is calculated from the average of 318 
the four subscales. Items are rated along a 7-point Likert scale, ranging from ‘0’ to ‘6’ in which higher 319 
scores signify higher ED psychopathology. This scoring is with the exemption of six items in which 320 
frequency of eating behaviour is recorded, however these items do not contribute to the subscale scores 321 
and were not used in the present study, with ED psychopathology assessed based on the 22-item 322 
attitudinal scores. The EDE-Q has been shown to have good internal consistency, with Cronbach's alpha 323 
ranging from .70 to .83 in a clinical sample (Luce & Crowther, 1999) and from .78 to .93 in a non-324 
clinical sample (Peterson et al., 2007). In the present study, the overall global EDE-Q measure had a 325 
Cronbach’s alpha of .87 for ED group and .91 for HC group.  326 
 327 
2.4 Procedure 328 
2.4.1 Moving Rubber Hand Illusion 329 
Participants were first familiarized with the experimental set-up and given instructions of the 330 
task procedure. During all conditions, participants sat at the table and placed their right hand underneath 331 
the wooden platform, with a plastic finger cap placed on their right index finger. In each trial, the 332 
participant’s task was to tap their right index finger in a semi-regular rhythm for 60 seconds at 333 
approximately one tap per second, and were instructed to perform an additional quick ‘double tap’ at 334 
random intervals to avoid perfectly regular visuo-somatic correlations, which is reported to weaken the 335 
illusion (Kalckert & Ehrsson, 2012). Participants were first required to practice the tapping movement 336 
prior to experimental trials, and were instructed to focus their gaze on the model hand for the duration 337 
of each trial. 338 
 339 
During synchronous conditions, the mechanical connection (dowel connecting the real and fake 340 
index finger), lifted and lowered the right index finger of fake hand, such that movements of the fake 341 
hand were in synchrony with the movements of participants’ own right index finger. During 342 
asynchronous conditions, the mechanical connection between the real and fake hand was detached, with 343 
the movements of the fake index finger controlled by the experimenter moving the dowel with a 344 
temporal delay (~ 500 ms) to participant’s own movements. The experimental procedure consisted of 345 
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six 60-second trials; three synchronous (illusion) and three asynchronous (control). Each of the three 346 
experimental measures (see Measures section) were completed once per condition (3 x synchronous; 3 347 
x asynchronous) in separate trials. Condition order was counterbalanced across participants. Between 348 
each trial, participants were given a rest period of ~ 60 seconds, in which they removed their right hand 349 
from the set-up and flexed their hand/wrist to abolish any carry-over effects.  350 
 351 
2.4.2 Body Satisfaction  352 
In addition to an explicit measure of state body satisfaction (see Measures section), 353 
participants’ implicit body satisfaction was measured using the Implicit Association Test (IAT). 354 
Participants were first familiarized with the IAT task by completing practice blocks, in which only two 355 
categories were presented on the screen (i.e. top left and right of the screen). Participants were instructed 356 
to categorize the target words as quickly and accurately as possible using the ‘Z’ (left) and the ‘M’ 357 
(right) key, respectively. Data from practice blocks were not used in any subsequent analysis. In critical 358 
(experimental) conditions, each target word belonged to one of four categories, of which two were 359 
positioned on the left of the screen, and two were positioned on the right (see Measures section). All 360 
participants completed two experimental blocks of the IAT (1x Compatible; 1x Incompatible), each 361 
consisting of 120 trials. All target words were presented individually in the centre of the screen, in a 362 
randomized order within each block for all participants. The order of conditions and category 363 
configurations were counterbalanced across all participants. Following the IAT, participants completed 364 
demographic information and the EDE-Q. The duration of the experiment in total was approximately 365 
60 minutes. 366 
 367 
2.5 Data Analysis 368 
Prior to analysis, all data were tested for normality using a Shapiro-Wilk test. When the 369 
assumption of normality was not violated (p > .05), appropriate parametric tests were used, which are 370 
described below. When normality was violated (p < .05) or the data were ordinal, non-parametric 371 
Wilcoxon signed-rank tests were used for within-subject analysis and Mann-Whitney U tests for 372 
between-subject analysis. Non-parametric correlations were analysed using Spearman’s Rank. All 373 
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analyses which directly tested a priori hypotheses are uncorrected critical alpha (α) values, with all other 374 
analyses using Bonferroni-corrected α values (stated as necessary below). Effect sizes for parametric 375 
tests are indicated by partial eta-squared (ηp
2) or Cohen’s d, and non-parametric (Wilcoxon signed-rank 376 
and Mann-Whitney U) tests are indicated by r values (r) which are equivalent to Cohen’s d (Pallant, 377 
2007). All statistical analyses were conducted using SPSS version 23.0 (IBM, Chicago, IL, USA). 378 
 379 
2.5.1 Moving Rubber Hand Illusion 380 
For the subjective measures of ownership and agency (and respective control scores) from the 381 
questionnaire ratings, scores were calculated by averaging the individual statements within their 382 
respective categories (see Table 2) to obtain a single score per subscale for each participant (Jenkinson 383 
& Preston, 2015; Kalckert & Ehrsson, 2012). First, ownership and agency ratings were compared with 384 
their respective control subscale ratings to determine the reliability of the illusion scores in each group, 385 
as control scores are not expected to score highly, irrespective of illusion conditions. Control scores are 386 
particularly important when testing patients populations, to ensure that participants are not simply 387 
complying with all trials and providing high ratings to all questionnaire items (Keizer et al., 2014). 388 
Second, ownership and agency scores were compared between synchronous (illusion) and 389 
asynchronous (control) conditions to determine the effect of visuomotor synchrony towards subjective 390 
illusory experience. Third, ownership and agency scores were independently compared between the ED 391 
group and HC group to directly test the hypothesis that ED individuals would show greater instability 392 
in their subjective experience body ownership and sense of agency towards the fake hand, following 393 
the illusion.   394 
 395 
Proprioceptive drift was calculated by subtracting the average height of the pre-trial estimation 396 
from the post-trial estimation within the pointing task. Positive values signify an upwards drift in the 397 
participants perceived hand position, and thus an increased illusory experience (Botvinick & Cohen, 398 
1998; Kalckert & Ehrsson, 2012). For hand size estimation measures, the hand width of the fake hand 399 
was first compared with participant’s actual hand size for each group, with actual hand size 400 
subsequently compared between ED and HC groups. Moreover, to test the hypothesis that ED 401 
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individuals would display an initial overestimation of hand size prior to the illusion compared with 402 
HCs, actual hand size was compared with participant’s baseline estimation of hand width within each 403 
group. Next, to investigate whether the effects of the illusion led to a decrease in hand size estimations, 404 
difference scores were calculated by subtracting post-experimental estimations from baseline 405 
estimations for each participant, per condition. Thus, positive values would signify a decrease in hand 406 
size estimation following experimental trials. 407 
 408 
2.5.2 Body Satisfaction 409 
Explicit ratings of state body satisfaction taken from VAS scores were compared between ED 410 
and HC groups to test our prediction that ED individuals would display a significantly lower explicit 411 
body satisfaction. Additionally, the Implicit Association Test (IAT) was used as a proxy for implicit 412 
body satisfaction. In line with previous research (Greenwald et al., 1998), the first two trials of each 413 
condition block with the IAT were removed along with all incorrect trials, and reaction times outside 414 
of lower (300 ms) and upper (3000 ms) boundaries. Data were transformed using a D score algorithm, 415 
which was calculated as the difference in mean reaction times between compatible and incompatible 416 
trials, divided by the inclusive standard deviation  across both conditions (Greenwald, Nosek, & Banaji, 417 
2003). To directly test the hypothesis that ED individuals would display a significantly lower implicit 418 
body satisfaction, D scores were compared between ED and HC groups. In addition, mean reaction 419 
times were analysed via a 2x2 mixed-effects ANOVA to investigate whether any group differences are 420 
driven by the compatibility of the trials, in which slower reaction times within compatible trials would 421 
signify a reduced implicit self-serving body image bias. Thus, compatibility (compatible vs. 422 
incompatible) was entered as the within-subjects factor, and group (ED group vs. HC group) entered as 423 
the between-subjects factor. 424 
 425 
2.5.3 Correlational analyses 426 
To directly investigate the hypothesis that perceptual and cognitive-affective components of body 427 
image would relate with each other, the association between the above measures within the moving 428 
rubber hand illusion and body satisfaction tasks were explored using a non-parametric Spearman's Rank 429 
In evi
ew
 17 
correlation. Moreover, correlations were also explored between perceptual and cognitive-affective 430 
measures with ED psychopathology, using the EDE-Q.  431 
  432 
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3. Results  433 
3.1 Moving Rubber Hand Illusion 434 
3.1.1 Questionnaire  435 
Data from subscales within the mRHI questionnaire were ordinal and found to be non-normal in 436 
the majority of cases (Shapiro-Wilk p < .05), therefore appropriate non-parametric tests were used. 437 
First, a Wilcoxon signed-rank test revealed that illusory ownership was induced for both the ED group 438 
(Z = -4.03, p < .001, r = .79) and HC group (Z = -3.88, p < .001, r = .79), with significantly higher 439 
scores in response to ownership questions compared with ownership control questions, following 440 
synchronous conditions. Next, a further Wilcoxon signed-rank test revealed a significant effect of 441 
synchrony for both the ED group (Z = -4.29, p < .001, r = .84) and HC group (Z = -4.29, p < .001, r = 442 
.88), with higher ownership scores following synchronous compared with asynchronous conditions (see 443 
Figure 3). Finally, a Mann-Whitney U test revealed no significant difference between groups following 444 
synchronous conditions (U = 300.00, Z = -.24, p = .815, r = .03) or asynchronous conditions (U = 445 
283.00, Z = -.57, p = .572, r = .08). 446 
 447 
The same analyses were conducted for agency scores, in which a Wilcoxon signed-rank test 448 
revealed that illusory agency was induced for both the ED group (Z = -4.46, p < .001 r = .87) and HC 449 
group (Z = -4.22, p < .001, r = .86), with significantly higher scores in response to agency questions 450 
compared with agency control questions, following synchronous conditions. Next, a further Wilcoxon 451 
signed-rank test revealed a significant effect of synchrony for both ED group (Z = -4.29, p < .001, r = 452 
.84) and HC group (Z = -4.20, p < .001, r = .86), with higher agency scores following synchronous 453 
compared with asynchronous conditions (see Figure 3). Finally, a Mann-Whitney U test revealed no 454 
significant difference between groups following synchronous conditions (U = 290.50, Z = -.43, p = 455 
.668, r = .06) or asynchronous conditions (U = 259.00, Z = -1.03, p = .301, r = .15). Taken together, 456 
these results suggest that ED and HC groups show a significantly stronger illusory experience following 457 
synchronous conditions compared with asynchronous conditions, but had an equally strong subjective 458 
experience of ownership and agency towards the fake hand. 459 
 460 
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 461 
[INSERT FIGURE 3] 462 
Figure 3.  Box plot displaying ownership and agency scores from the mRHI questionnaire, presented 463 
by condition and group. Significantly greater subjective ownership and agency was observed following 464 
synchronous compared with asynchronous conditions, with no significant difference in subjective 465 
ownership or agency between ED and HC groups. Intersecting line = median; box = upper and lower 466 
interquartile range; whiskers = minimum and maximum values. ** = p < .001. 467 
 468 
3.1.2 Proprioceptive Drift  469 
Following synchronous conditions, mean proprioceptive drift was 7.68 millimetres (mm) (SD 470 
± 24.80) for the ED group, and 9.67 mm (SD ± 17.05) for the HC group. Following asynchronous 471 
conditions, mean proprioceptive drift was 5.62 mm (SD ± 17.05) for the ED group, and -.85 mm (SD 472 
± 22.90) for the HC group. As proprioceptive drift data were normally distributed for both groups 473 
(Shapiro-Wilk p > .05), a parametric 2x2 mixed-effects ANOVA was run, with visuomotor synchrony 474 
(synchronous vs. asynchronous) as the within-subjects factor, and group (ED group vs. HC group) as 475 
the between-subjects factor. In contrast with previous research, no main effect of visuomotor synchrony 476 
was observed between synchronous and asynchronous conditions (F (1,48) = 2.66, p = .109, ηp
2 = .05). 477 
Moreover, no significant main effect of group was observed (F (1, 48) = .27, p = .604, ηp
2 = .01), and 478 
no interaction between visuomotor synchrony and group was observed (F (1, 48) = 1.21, p = .277, ηp
2 
479 
= .03).  480 
 481 
3.1.3 Hand size estimation 482 
Hand size estimation data were normally distributed across the whole sample (Shapiro Wilk p 483 
> .05), therefore appropriate parametric tests were used. First, an independent samples t-test revealed 484 
that there was no significant difference in actual hand width (millimetres: mm) between the ED group 485 
and the HC group (see Table 4) (t (48) = -.295, p = .77, d = .08). Second, paired samples t-tests revealed 486 
that the width of the fake hand (74mm) was significantly narrower compared with the actual hand width 487 
of the ED group (t (25) = -2.89, p = .008, d = .57) and the HC group (t (23) = -3.26, p = .003, d = .67). 488 
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Finally, to directly test the hypothesis that ED individuals would overestimate their hand size prior to 489 
the illusion, actual hand size was compared with participants’ baseline estimation of hand width for 490 
each group (see Table 4) using paired samples t-tests. Participants in the ED group significantly 491 
overestimated their own hand width, prior to the illusion (t (25) = -3.33, p = .003, d = .65). Additionally, 492 
participants in the HC group also significantly overestimated their own hand width, prior to the illusion 493 
(t (23) = -2.15, p = .043, d = .44). Hand size overestimations did not significantly differ between ED 494 
and HC groups (t (48) = .76, p = - .453, d = .21). 495 
 496 
Next, to directly test the hypothesis that ED individuals would report a significant decrease in 497 
hand size estimation after the illusion was induced, difference scores were calculated for each group by 498 
subtracting post-experimental estimations from the baseline estimation. Difference scores were 499 
compared to zero via a one sample t-test, in which positive values would indicate a decrease in hand 500 
size estimation following the illusion. For the ED group, participants reported a significantly lower 501 
hand size estimations following induction of the illusion, for both synchronous conditions (t (25) = 2.84, 502 
p = .009, d = .56) and asynchronous conditions (t (25) = 2.74, p = .011, d = .54). Interestingly, for the 503 
HC group, participants also reported a significantly lower hand size estimation following induction of 504 
the illusion for synchronous conditions (t (23) = 2.09, p = .048, d = .43), but not for asynchronous 505 
conditions (t (23) = 1.10, p = .281, d = .22) (see Table 4). 506 
 507 
Finally, post-experimental hand size estimations were compared with participant’s actual hand 508 
size, to determine whether such estimations reflected a more veridical measurement of hand width. For 509 
the ED group, Paired samples t-tests revealed no significant differences between actual hand size and 510 
post-experimental estimations following synchronous (t (25) = -1.15, p = .259, d = .23) or asynchronous 511 
conditions (t (25) = -1.68, p = .106, d = .33). Crucially, baseline estimations made prior to the illusion 512 
were significantly different from actual hand size, therefore this non-significant result reflects a 513 
reduction in hand size estimation which is closer to ED participant’s actual hand size. Similarly, for the 514 
HC group, paired samples t-tests revealed no significant differences between actual hand size and post-515 
experimental estimations following synchronous (t (23) = -1.29, p = .208, d = .26) or asynchronous 516 
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conditions (t (23) = -1.82, p = .082, d = .37). Taken together, the above results suggest that the ED 517 
group show a significant reduction in hand size estimation following induction of the illusion following 518 
both synchronous and asynchronous conditions, which is closer to their veridical hand size. Whilst the 519 
HC group also displayed a more accurate estimation of their hand width following synchronous 520 
conditions, this was not matched following asynchronous conditions. Moreover, difference scores in 521 
the ED group were more pronounced as shown by a larger effect size, which may reflect a greater 522 
malleability of body representation within this group. 523 
 524 
[INSERT TABLE 4] 525 
 526 
3.2 Body Satisfaction 527 
3.2.1 Explicit Body Satisfaction 528 
Data from the VAS ratings were non-normally distributed across the whole sample (Shapiro 529 
Wilk p < .05), therefore a non-parametric Mann-Whitney U test was used to compare state body 530 
satisfaction between the ED group and HC group. As predicted, the ED group reported a significantly 531 
lower state body satisfaction (median = 15.00) compared with HC group (median = 63.00; U = 33.00, 532 
Z = -5.42, p < .001).  533 
 534 
3.2.2 Implicit Body Satisfaction  535 
To directly test the hypothesis that the ED group would display lower implicit body satisfaction 536 
compared with the HC group, D scores from the IAT were compared between groups. Note that lower 537 
D scores represent lower implicit body satisfaction. Data from the IAT were normally distributed 538 
(Shapiro Wilk p > .05) therefore an independent-samples t-test was run, which revealed a significantly 539 
lower D score within the ED group (mean = .20) compared with the HC group (mean = .90; t (35.86) = 540 
-3.06, p = .004, d = .43). This suggests that ED participants displayed a reduced body satisfaction on an 541 
implicit level compared with healthy controls. D scores for both groups are shown in Figure 4a. 542 
 543 
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To further investigate whether ED individuals show a reduced implicit self-serving body image 544 
bias within the IAT, mean reaction times for each condition were entered into a 2x2 mixed effects 545 
ANOVA, with condition (Compatible vs. Incompatible) as the within-subjects factor, and group (ED 546 
group vs. HC group) as the between-subjects factor. A main effect of condition was observed (F (1,48) 547 
= 22.43, p < .001, ηp
2 = .32), with significantly lower reaction times following compatible vs. 548 
incompatible conditions. No main effect of group was observed (F (1, 48) = 2.15, p = .149, ηp
2 = .04). 549 
However, a significant interaction was observed between condition and group (F (1, 48) = 9.00, p = 550 
.004, ηp
2 = .16). Thus, Bonferroni-corrected independent samples t-tests (critical α = .025) revealed a 551 
significant difference between groups following compatible (t (48) = 2.52, p = .015, d = .36), but not 552 
incompatible conditions (t (48) = .04, p = .972, d = .01) (see Figure 4b). This suggests that differences 553 
in implicit attitudes between ED and HC groups are driven specifically by weaker associations between 554 
attractiveness and the self within ED individuals.  555 
 556 
[INSERT FIGURE 4] 557 
Figure 4.  Implicit Association Test Scores. (a) Mean D scores for ED and HC groups. Higher D scores 558 
indicate higher implicit body satisfaction within the HC group compared with the ED group. (b) Mean 559 
reaction times for compatible and incompatible trials, for ED and HC groups. Group differences are 560 
shown to be driven by significantly slower reaction times in the ED group compared with the HC group, 561 
within compatible trials. Error bars for both graphs show standard error. * = p < .05, ** = p < .01. 562 
 563 
3.2.3!Relationship Between Explicit and Implicit Body Satisfaction 564 
To investigate whether explicit measures of body satisfaction related to performance on the 565 
IAT, a correlation analysis was run across the whole sample (N=50). A Spearman’s Rank correlation 566 
revealed a significant positive correlation between state body satisfaction and D scores on the IAT 567 
across the whole sample (r = .46, p = .001), which may suggest that those with higher explicit body 568 
satisfaction also display a higher implicit body satisfaction. Furthermore, Bonferroni-corrected 569 
Spearman’s Rank correlations (critical α = .025) revealed that lower state body satisfaction is driven by 570 
performance on compatible trials (i.e. Self and Attractive categories paired) within the IAT, with a 571 
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significant negative correlation between state body satisfaction and compatible trials (r = -.34, p = .014) 572 
but not with incompatible trials (r = .10, p = .485). 573 
 574 
3.3 Correlational analyses 575 
To directly test the hypothesis that perceptual and cognitive-affective components of body 576 
image would relate with each other, measures from the moving rubber hand illusion (questionnaire 577 
scores, proprioceptive drift, hand size estimation) were correlated with body satisfaction measures 578 
(explicit and implicit) across the whole sample. A Spearman’s Rank correlation revealed a significant 579 
positive correlation between synchronous ownership questionnaire scores and IAT D scores (r = .32, p 580 
= .022), which was driven by the ED group scores (see Supplementary Materials for full tables). 581 
Moreover, a significant positive correlation was observed between synchronous proprioceptive drift 582 
scores and IAT D scores (r = .30, p = .032), which was similarly driven by scores in the ED group. This 583 
suggests that a stronger explicit and implicit experience of the illusion is associated with increased 584 
implicit body satisfaction, which highlights that a link does exist between perceptual and cognitive-585 
affective components of body image. No further noteworthy correlations were observed between the 586 
above measures (see Supplementary Materials for full tables). 587 
 588 
Finally, to investigate the relationship between body perception and body satisfaction with ED 589 
psychopathology, the above measures were correlated with scores from the Eating Disorder 590 
Examination Questionnaire (EDE-Q) across the whole sample. A Spearman’s Rank correlation 591 
revealed no noteworthy correlations between perceptual measures on the moving rubber hand illusion 592 
and EDE-Q scores across the whole sample (see Supplementary Materials for full tables). However, as 593 
expected, a significant negative relationship was observed between EDE-Q global scores and explicit 594 
body satisfaction (r = -.794, p < .001), showing that those with higher ED psychopathology reported 595 
lower state body satisfaction. Interestingly, a significant negative relationship was also observed 596 
between EDE-Q global scores and D scores within the IAT (r = -.35, p = .012), which suggests that 597 
those with higher ED psychopathology also display a lower implicit body satisfaction. This relationship 598 
is shown to be specifically driven by subscale scores relating to Shape Concern (r = -.47, p = .001) and 599 
I  revi
w
 24 
Weight Concern (r = -.41, p = .003) which reflect body-related attitudes, rather than attitudes towards 600 
eating behaviours (i.e. Restraint/Eating Concern) which showed no significant relationship with IAT 601 
D scores (see Supplementary Materials for full tables). 602 
  603 
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4. Discussion  604 
 605 
The present study investigated the perceptual and cognitive-affective components of body 606 
image within ED individuals and healthy females. Specifically, the multisensory moving rubber hand 607 
illusion was used to assess body ownership and agency, alongside explicit and implicit measures of 608 
body satisfaction. Following induction to the illusion, results showed that both ED and HC individuals 609 
displayed a similar subjective experience of illusory ownership and agency towards the fake hand. 610 
Moreover, both groups initially overestimated their own hand width prior to the illusion, with a 611 
significant reduction in overestimation in ED group following both synchronous and asynchronous 612 
conditions, which was not mirrored to the same degree in the HC group. Secondly, ED individuals 613 
displayed significantly lower satisfaction towards their body compared with healthy females, on both 614 
an explicit and implicit level. Such implicit findings were shown to be driven specifically by a weaker 615 
association between words relating to the self and attractiveness. Finally, a significant relationship was 616 
observed between specific perceptual measures and implicit body satisfaction, which underlines the key 617 
link between body perception and body emotion. Taken together, the present findings support previous 618 
research by indicating that ED individuals have a more malleable experience of the bodily self, 619 
compared with healthy females. Moreover, novel findings show that ED individuals present with a 620 
lower implicit satisfaction towards their body that relates with perceptual experience, which may 621 
provide important implications within clinical treatment.  622 
 623 
Using the moving rubber hand illusion, the present study builds upon previous multisensory 624 
integration research within ED groups (Eshkevari et al., 2012; Keizer et al., 2014), as being the first to 625 
investigate the sense of agency and its interaction with body ownership within this population. Whilst 626 
the ‘classic’ rubber hand illusion incorporates a three-way interaction between visual, tactile, and 627 
proprioceptive input (Botvinick & Cohen, 1998), the present paradigm is supplemented by efferent, 628 
kinaesthetic information from voluntary motor actions which elicits a sense of body ownership and 629 
agency towards a fake hand, both of which are key perceptual components within the bodily self 630 
(Kalckert & Ehrsson, 2014a). Results showed that both ED and HC groups displayed a strong sense of 631 
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ownership and agency towards the fake hand following synchronous illusion conditions. However, 632 
contrary to hypotheses, the two groups displayed a comparable subjective experience of ownership and 633 
agency during the task. This finding is in contrast to previous work which has investigated subjective 634 
body ownership within the ‘classic’ rubber hand illusion, in which ED groups displayed higher sense 635 
of ownership towards the fake hand compared with healthy controls (Eshkevari et al., 2012; Keizer et 636 
al., 2014). Together, the above results suggest that the subjective sense of ownership and agency may 637 
be similar between ED and healthy groups when incorporating voluntary movement towards body 638 
representation. 639 
 640 
Similarly, despite previous research observing differences in proprioceptive drift between ED 641 
and HC groups (Eshkevari et al., 2012), the present study is in line with later work which did not observe 642 
such effects between groups (Keizer et al., 2014). Many researchers have widely accepted that 643 
subjective measures of embodiment following multisensory integration are dissociable from a perceived 644 
change in spatial location which leads to proprioceptive drift (Abdulkarim & Ehrsson, 2016; Rohde, 645 
Luca, & Ernst, 2011). However, the observed lack of difference between groups, and indeed lack of 646 
proprioceptive drift observed from the illusion may be accounted for by a task-dependency effect. 647 
Within the present study, participants were asked to make a motor response towards the perceived 648 
location of their hand. However, previous research in healthy individuals has suggested a dissociation 649 
between perceptual body judgements and motor responses, in which participants showed susceptibility 650 
to the ‘classic’ RHI when making a perceptual response (i.e. verbal judgement of hand location) but 651 
showed intact proprioceptive judgement when making a motor response (i.e. a pointing movement 652 
towards hand location) (Kammers, de Vignemont, Verhagen, & Dijkerman, 2009). This suggests that 653 
the two measures denote separate body representations, therefore future research should investigate 654 
whether such proprioceptive measures of the moving rubber hand illusion differ between ED and 655 
healthy groups when using perceptual, verbal responses of perceived hand location. 656 
 657 
The present study provides a valuable foundation to further study the sense of agency within 658 
EDs, which remains a largely under-researched topic within this clinical population. Given their close 659 
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association in contributing towards a coherent body representation (Pyasik, Burin, & Pia, 2018), it is 660 
difficult to dissociate feelings of agency and feelings of ownership within voluntary movement, not 661 
least when sensory feedback of movement is likely to further enhance ownership (Tsakiris & Haggard, 662 
2005). Within the present study, the contribution of sense of agency towards the sense of ownership - 663 
and vice versa - cannot be disentangled. Indeed, the observed lack of difference between HC and ED 664 
groups in ownership and agency may be accounted for by the enhancement of subjective ownership as 665 
a result of subjective agency following synchronous conditions within the moving rubber hand illusion. 666 
Thus, previous research which has observed greater plasticity in body ownership amongst ED patients 667 
within the ‘classic’ rubber hand illusion (Eshkevari et al., 2012; Keizer et al., 2014) may not be directly 668 
comparable to the present study, given the additional, interlinked component of agency influencing 669 
such subjective ownership. One method to overcome this in future research would be to first undertake 670 
the ‘classic’ rubber hand illusion to determine the stability of ownership between ED and HC groups 671 
from visuotactile integration (Keizer et al., 2014), before then measuring the stability of body agency 672 
when introducing voluntary movement via the moving rubber hand illusion. Indeed, research using the 673 
moving rubber hand illusion has independently investigated the factors which are known to influence 674 
the sense of ownership and agency, in healthy individuals (Jenkinson & Preston, 2015; Kalckert & 675 
Ehrsson, 2012, 2014b) and clinical groups (Marotta et al., 2017). Specifically, anatomical plausibility 676 
of the hand and mode of movement has been manipulated, comparing active movement with passive 677 
movement (in which the experimenter moves the wooden connection, thus moving the fake hand and 678 
participant’s hand). Importantly, such manipulations have been shown to dissociate the sense of agency 679 
from the sense of ownership (Kalckert & Ehrsson, 2014a). Within the present study, the total number 680 
of trials within the illusion task was intentionally limited in order to reduce extensive fatigue for ED 681 
groups, therefore body ownership and agency were not independently manipulated.  682 
 683 
Furthermore, results showed that whilst both ED and HC groups displayed an initial 684 
overestimation of hand width prior to the illusion, ED individuals displayed a significant reduction in 685 
their hand width estimation following both synchronous (illusion) and asynchronous (control) 686 
conditions, which was not directly mirrored in healthy females. This finding is in line with previous 687 
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research (Keizer et al., 2014, 2016), suggesting that such perceptual changes from ED individuals 688 
occurred irrespective of the subjective experience of the illusion, which was shown to significantly 689 
differ between conditions. As previously discussed, research has suggested that greater perceptual 690 
effects within multisensory illusions amongst ED populations is associated with an increased 691 
malleability of the bodily self, in which such individuals often display a visual dominance that overrides 692 
proprioceptive input during the illusion (Eshkevari et al., 2012; Keizer et al., 2014, 2016). Therefore, 693 
an increased sensory weighting towards visual input of the fake hand may have been sufficient to change 694 
size estimations of one’s own hand amongst ED individuals, irrespective of the condition. Importantly, 695 
the present results support previous research which highlight an inherent instability of perceptual body 696 
representation in ED individuals. Such findings have important clinical implications within the 697 
treatment of body image disturbance in EDs, by showing that perceptual estimation of body size can be 698 
improved within this population (Keizer, Engel, Bonekamp, & Van Elburg, 2018). Thus, whilst the 699 
long-term effects of improved perceptual accuracy of body size remains unknown in ED patients, a 700 
more veridical representation of one’s own body is likely to positively impact upon clinical outcomes 701 
and the cognitive-affective component of body image disturbance (Castellini et al., 2011; Exterkate et 702 
al., 2009). 703 
 704 
It must be noted that healthy females did also initially overestimate their hand size prior to the 705 
illusion, and show a subsequent reduced hand size estimation - but following synchronous conditions 706 
only. In other words, healthy females were shown to improve their hand size estimation as consequence 707 
of illusion conditions, which reinforces the effect of multisensory integration in inducing perceptual 708 
changes in perceived body size amongst healthy individuals (Preston & Ehrsson, 2014). Importantly, 709 
the effect was different to the ED group who recorded a reduced estimation following both synchronous 710 
and asynchronous conditions, which reinforces the greater malleability of the bodily self in ED 711 
individuals compared with healthy controls. However, it is speculated that initial overestimation from 712 
the HC group - which occurred contrary to hypotheses - may be a consequence of higher ED 713 
psychopathology within the non-clinical range amongst the present sample. Whilst global EDE-Q 714 
scores within the HC group (median = 1.55) were below the clinical cut-off (2.80; Mond et al., 2008), 715 
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such scores appear higher than other European countries which use the EDE-Q in non-clinical samples 716 
(e.g. .42; Preston & Ehrsson, 2018). Indeed, six HC participants were excluded from the present study 717 
after scoring above the clinical cut-off for an EDE-Q global score. Therefore, in addition to the hand 718 
size estimation results above, such EDE-Q scores may also, in some part, explain the non-significant 719 
effects between the ED group and HC group on measures of subjective ownership and agency towards 720 
the fake hand. Taken together, such inflated scores amongst a healthy female sample reinforces the need 721 
to investigate ED psychopathology and vulnerability in the non-clinical population, and highlights how 722 
the EDE-Q may require assessment as a clinical measure within the UK, with regard to normative scores 723 
between non-clinical and clinical samples (Carey, Kupeli, et al., 2019). 724 
 725 
As shown above (i.e. hand size estimation effects), given the consistent findings in the ED 726 
literature which have shown perceptual effects of the illusion following both synchronous and 727 
asynchronous conditions, it would be informative for participants to undertake subjective and objective 728 
measures of embodiment following mere visual observation of the fake hand, with their own hand 729 
hidden from view. This would determine the degree of embodiment experienced by participants due to 730 
‘visual capture’ of congruent visuoproprioceptive information alone, as a baseline measure made prior 731 
to visuomotor integration from illusory trials (Carey, Crucianelli, Preston, & Fotopoulou, 2019; 732 
Crucianelli, Krahé, Jenkinson, & Fotopoulou, 2017; Crucianelli, Metcalf, Fotopoulou, & Jenkinson, 733 
2013). As previously discussed, experiment duration was minimised for ED individuals within the 734 
present study, therefore a visual capture measure of embodiment was not taken. However, given the 735 
apparent increased sensitivity to visual input amongst ED populations, future research should include 736 
such conditions which take such ‘baseline’ measures of embodiment following mere visual observation 737 
of a fake body (part), to more precisely delineate the role of altered multisensory integration within ED 738 
groups. This would be particularly interesting within an RHI set-up, as evidence has shown a greater 739 
perceptual malleability when using the RHI compared with a whole body illusion, in relation to ED 740 
psychopathology within healthy groups (Carey, Crucianelli, et al., 2019) and clinical ED groups (Keizer 741 
et al., 2016).  742 
 743 
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As hypothesised, explicit measures of state body satisfaction revealed significantly lower self-744 
reported scores in ED groups compared with healthy females. However, to the authors’ knowledge, the 745 
present study is the first to investigate implicit body satisfaction in an ED sample, using the IAT. Results 746 
on the IAT showed that ED individuals displayed a significantly lower implicit body satisfaction 747 
compared with healthy females, with such differences driven by weaker associations between the self 748 
and attractiveness. These findings support previous research which suggests that ED individuals lack a 749 
positive self-serving body image bias’ (Jansen et al., 2006), yet builds further by suggesting that 750 
dysfunctional attitudes towards one’s self-appearance are more deeply-rooted amongst ED individuals, 751 
with such implicit cognitions likely to be more resistant to change or modification compared with 752 
explicit, self-reported cognitions (Vartanian et al., 2004). Such findings can have important clinical 753 
implications for recovery and relapse, in assessing the implicit biases which are not influenced by a 754 
patient’s compliance or pressure to report improvement in clinical outcomes following treatment 755 
(Buhlmann, Teachman, & Kathmann, 2011). Indeed, recovered ED patients who explicitly self-report 756 
improvement in attitudes towards weight and shape following treatment may still be at increased risk 757 
of relapse if such cognitions are not addressed on an implicit level, which may play an important role 758 
in the prognosis of the disorder (Martijn et al., 2015; Vartanian et al., 2004). This is highlighted in the 759 
present study, with implicit body satisfaction shown to be associated with ED psychopathology across 760 
the whole sample. Specifically, a significant negative correlation was observed between IAT D scores 761 
and global EDE-Q scores, which was driven by scores on Shape Concern and Weight Concern EDE-Q 762 
subscales, and not from eating-related subscales (i.e. Restraint/Eating Concern). Importantly, it is 763 
unlikely that this significant correlation across the whole sample was driven by group differences on 764 
the above measures, given that significant differences were shown across all EDE-Q subscales between 765 
groups (see Table 1). Therefore, such findings reinforce the link between implicit and explicit 766 
cognitions regarding body satisfaction within the pathology of EDs, and the need to address both 767 
constructs within treatment to improve upon clinical outcomes.  768 
 769 
Computer-based paradigms such as the IAT can be a cost-effective method used to assess and 770 
improve upon dysfunctional implicit cognitions within ED treatment, alongside traditional, explicit 771 
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measures of clinical interviews and standardized questionnaires (Buhlmann et al., 2011). Indeed, 772 
increasing research is showing that interventions which target such implicit processes may have clinical 773 
efficacy in improving cognitions surrounding one’s body satisfaction (Martijn et al., 2015). 774 
Furthermore, whilst the present study used appearance-related word associations within the IAT, it 775 
would be interesting for future research to dissociate such implicit biases from general cognitive 776 
measures such as self-esteem (Buhlmann, Teachman, Naumann, Fehlinger, & Rief, 2009). Indeed, a 777 
dissociation between shape or weight-related cognitions and general self-esteem would suggest that 778 
altered cognitions within this population may be specific to the body, and would provide researchers 779 
and clinicians with a clearer focus within which to target treatment (Buhlmann et al., 2011). 780 
 781 
Finally, results revealed a relationship between perceptual and cognitive-affective components 782 
of body image across the whole sample, shown by significant positive correlations between ownership 783 
questionnaire scores and proprioceptive drift scores from the moving rubber hand illusion, with implicit 784 
body satisfaction from IAT D scores. This supports the argument that a direct link does exist between 785 
body perception and emotion, with such findings shown to be driven more specifically by ED group 786 
scores. However, the direction of such relationships was contrary to hypotheses, as it was predicted that 787 
ED individuals would display increased ownership - implicated with an instability in the bodily self - 788 
which would be associated with reduced body satisfaction. Whilst the explanation for this effect 789 
remains unclear, it could be speculated that individuals with a greater instability in their body perception 790 
(i.e. ED individuals) may have less negative implicit attitudes towards their own body because they are 791 
attaining their idealised, yet unhealthy, ultra-thin body. This would be particularly relevant amongst 792 
individuals with anorexia nervosa, in which a strong drive for thinness is a key characteristic within 793 
such a diagnosis, with increasingly prevalent ‘thinspiration” media websites positively reinforcing such 794 
aberrant weight loss (Boepple & Thompson, 2016; Tiggemann & Miller, 2010). Importantly, such 795 
findings highlight the complexity of the relationship between perceptual and cognitive-affective 796 
components of body image, in which further research is required to uncover the most salient conditions 797 
in which perceptual alterations relate to emotional bodily experience. 798 
  799 
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Given the present findings highlighting a relationship between perceptual and cognitive-800 
affective components of body image, future research should investigate how this behavioural 801 
relationship is represented in the brain. Recent neuroscientific research has significantly increased our 802 
understanding of the neural basis of eating disorders, with several studies highlighting structural and 803 
functional correlates of body image disturbance (Gaudio, Dakanalis, Fariello, & Riva, 2018). 804 
Specifically, alterations in posterior parietal areas, associated with the integration of sensory 805 
information, have been implicated with the perceptual component of body image disturbance amongst 806 
AN patients (Gaudio, Brooks, & Riva, 2014; Gaudio & Quattrocchi, 2012). Moreover, prefrontal cortex 807 
and insula alterations have been implicated with the affective component of body image disturbance. 808 
Therefore, following neuroimaging evidence which has highlighted the interaction between perceptual 809 
and affective representations amongst healthy individuals (Preston & Ehrsson, 2016), future research 810 
should investigate the functional connectivity within the brain amongst eating disorder patients, to 811 
determine whether alterations in the communication between the above neural regions would link with 812 
the prognosis of the disorder. 813 
 814 
The above findings must be considered within the context of limitations of the present study. 815 
Whilst a large percentage of the ED group presented with a diagnosis of anorexia nervosa (~70%), the 816 
heterogeneity in diagnosis (e.g. bulimia nervosa, binge eating disorder) and treatment received (e.g. 817 
inpatient/outpatient) from ED individuals may have impacted the results within this group. Given the 818 
complexity and heterogeneity of clinical populations, this is a typical methodological issue within the 819 
ED literature. Indeed, similar research has shown effects of perceptual instability when using an ED 820 
group with varied diagnoses (Eshkevari et al., 2012). However, the sample size within the present study 821 
was smaller than previous research which has included varied ED diagnoses, therefore future research 822 
should undertake such work amongst larger, homogeneous samples of independent ED diagnoses.  823 
 824 
In conclusion, the present study is one of the first to investigate the independent roles, and 825 
relationship between perceptual and cognitive-affective components of body image, amongst ED and 826 
HC groups. Using a multisensory illusion paradigm which incorporated active, volitional movement, 827 
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our results support previous research in highlighting the malleability of the perceptual bodily self 828 
amongst ED individuals. Secondly, ED individuals displayed disturbances in their cognitive-affective 829 
component of body image, shown by significantly lower body satisfaction on both an explicit and 830 
implicit level compared with healthy females, with altered implicit cognitions shown to be specifically 831 
driven specifically by weaker associations between the self and attractiveness. Finally, results 832 
highlighted an association between the perceptual and cognitive-affective components of body image, 833 
yet further research is required to determine the direct effect between these components within both 834 
clinical and non-clinical groups. Taken together, such findings can provide important clinical 835 
implications in the treatment of body image disturbance, in identifying perceptual alterations amongst 836 
this population which are possible to change, and assess more deeply-rooted, negative implicit 837 
cognitions which should be targeted alongside typical self-reported measures of recovery in EDs. 838 
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